SUMMARY. Ten strains of Enterobacter aerogenes were examined for their ability to produce haemagglutinins and fimbriae. Nine strains formed a mannose-sensitive (MS) haemagglutinin associated with thin (4 nm) non-channelled fimbriae. These thin fimbriae of E. aerogenes were antigenically different from the thin fimbriae of other fimbriate strains of Enterobacter and Klebsiella and probably represent a new kind of fimbria not previously described in Enterobacteriaceae. Eight of these same nine strains also formed a non-fimbrial mannose-resistant, proteus-like (MR/P) haemagglutinin. The formation of thin fimbriae associated with MS haemagglutinin and of non-fimbrial MR/P haemagglutinin are properties not associated with other strains of Enterobacter and Klebsiella.
INTRODUCTION
Among strains of Enterobacter of different species examined in previous studies Old and Adegbola, 1984) , correlations were established (i) between the production of mannose-sensitive haemagglutinin (MS-HA) and type-1 fimbriae and (ii) between the production of mannose-resistant, Klebsiella-like haemagglutinin (MR/K-HA) and type-3 fimbriae. However, no similar correlations were established between production of haemagglutinins and fimbriae among strains of E. aerogenes a species which, it has been proposed, should be transferred to the genus Klebsiella as K . rnobilis (Bascomb et al., 1971; Izard et al., 1980) . From a detailed study of ten strains of E. aerogenes we present findings which suggest that the fimbriae and haemagglutinins of that species are not like those of other species of Enterobacter and Klebsiella.
MATERIALS AND METHODS
Bacterial strains. The sources of the strains of E. aerogenes are given in table I. The identity of each strain was confirmed by conventional tests (Edwards and Ewing, 1972) and in tests with API 20E kits (API Laboratory Products Ltd, Basingstoke, Hampshire). Thus, each strain gave a profile (5105773 for strain PADG 2.77; 5305773 for all others) which afforded very good identification as E. aerogenes.
Media and culture methods. The media and growth conditions have been described before .
Erythrocytes and haemagglutination tests. The preparation of erythrocytes of species of fowl (F), guinea pig (G), horse (H), man, group 0 (M), ox (0), pig (P) and sheep (S), the tannic acid-treatment of erythrocytes and the performance of the haemagglutination tests followed previously described methods (Duguid, 1959; . The characterisations of MS-HA, MR/K-HA and the mannose-resistant, proteus-like (MR/P) haemagglutinin have been described in full elsewhere (Duguid and Old, 1980; Old and Adegbola, 1982) .
Preparation of'mbrial antisera. Fimbrial antisera were prepared in rabbits by the method of Adegbola and Old (1982) against: K. pneumoniae ss. aerogenes strain K55jl which produces type-1 (thick) fimbriae only ; K. oxytoca strain K70/1 which produces type-3 (thin) fimbriae only ; E. aerogenes strain NCIBl1460 which produces type-3 fimbriae only (Old and Adegbola, 1984) ; E. aerogenes strains NCTC9735 and NCTC10336 which produce an MS-HA associated with thin fimbriae (vide infra). Each antiserum was made monospecific for its stated fimbrial type by a series of absorptions to remove 0 and, where appropriate, H antibodies. t For description of HAS, see Duguid and Old (1980) . Electronmicroscopy. Bacterial preparations were negatively stained with uranyl acetate (0.3% w/v; pH 4.6) by methods described elsewhere Old, Adegbola and Scott, 1983) . Grids were examined with a Jeol lOOCX microscope and photomicrographs taken of different kinds of fimbriae observed on bacteria in different cultures. Bacteria were also stained, as described above, after interaction with different fimbrial antisera. The procedure for these immunoelectronmicroscopy (IEM) tests has been detailed elsewhere Old and Adegbola, 1984) .
RESULTS

Haemagglu t in ins and Jimbriae
Each of the 10 strains of E. aerogenes examined formed haemagglutinins and fimbriae (table I). Strain NCIBll460 was unusual among the strains in that it alone produced MR/K-HA. Like other Klebsielleae, strain NCIB 1 1460 produced MR/K-HA optimally in cultures grown in broth at 30°C (HP values of 400-1600 in tests with tanned erythrocytes of oxen). Thin, non-channelled fimbriae of external diameter c. 4 nm were observed on > 60% of the bacteria in MR/K-HA+ cultures of that strain (table I) .
E. aerogenes strain NCTC9735 produced MS-HA only (table I) . Production of MS-HA was most marked with serial broth culture and occurred at all growth temperatures tested (20°, 30" and 37"C), This strain showed the pattern of haemagglutination characteristic of other MS-HA+ enterobacteria with fresh erythrocytes of different species (see Duguid and Old, 1980) . Electronmicroscopy revealed the presence of thin, non-channelled fimbriae of external diameter c. 4 nm on > 60% of the bacteria in MS-HA+ cultures of strain NCTC9735.
Each of the other eight strains formed both MS-HA and MR/P-HA (table I) . The MR/P-HA activities, demonstrable with fresh, untanned erythrocytes in the presence of D-mannose, were: strain PADG 4.8 1 agglutinated erythrocytes of guinea pig, horse and ox, and the other seven strains agglutinated erythrocytes of guinea pig and horse.
Because fresh ox erythrocytes were agglutinated by strain PADG 4-8 1, that species of erythrocyte when tanned could not be used to demonstrate MR/K-HA activity (see Duguid and Old, 1980) . However, strain PADG 4.8 1 did not agglutinate tanned sheep erythrocytes (a species not agglutinated when fresh) and, hence, was MR/K-HA-. The other seven MS-HA+ , MR/P-HA+ strains neither agglutinated fresh ox erythrocytes nor gave the strong, immediate clumping of tanned ox erythrocytes that is characteristic of MR/K-HA+ strains.
Strain PADG 4-81 was studied in some detail because, unlike the other seven MS-HA+, MR/P-HA+ strains, it formed MS-HA and MR/P-HA poorly, or not at all, at 37°C but well at 20" and 30°C (table TI) . Electronmicroscopy of cultures of strain PADG 4.8 1 revealed that the percentage of bacteria bearing thick, channelled fimbriae was low (8-10%) and constant at all three growth temperatures. On the other hand, the percentage of bacteria bearing thin, nonchannelled fimbriae increased from 1% at 37°C to >60% at 20" or 30°C (table 11) . Any association between these thin fimbriae and either of the haemagglutinins was not established, however, because of our inability to obtain cultures which were phenotypically MS-HA+ and MR/P-HA-or MS-HAand MR/P-HA+. The other seven MS-HA+, MR/P-HA+ strains formed both haemagglutinins at all three growth temperatures tested. In these MS-HA+, MR/P-HA+ cultures, c. 60% of the bacteria bore thin fimbriae. However, the percentage of bacteria bearing thick channelled fimbriae was never > 1% for some strains and yet often as high as 2040% for other strains (figure, a). Furthermore, thick fimbriae, though not generally observed on bacteria from most haemagglutinating cultures of strains NCIBll460 (MR/K-HA only) or NCTC9735 (MS-HA only), were sometimes present in small numbers on < 1% of the bacteria in occasional cultures (table I) .
Immunoelectronmicroscopy
The thick, channelled fimbriae formed by strains of E. aerogenes, including those formed infrequently by strains NCIB 1 1460 and NCTC9735, were strongly coated (+ + +) with antibody in IEM tests with type-1 fimbrial antiserum prepared against K. pneumoniae ss. aerogenes strain K55/1 (table 111; figure, b) but not with type-1 fimbrial antiserum against E. cloacae strain 0 3 5 (data not shown).
Each strain formed thin fimbriae among which there seemed to be two serological groups. First, the thin fimbriae of E. aerogenes strain NCIBll460 were coated strongly (+ + +) in IEM tests with type-3 fimbrial antisera prepared against K . oxytoca strain K70/1 and E. aerogenes strain NCIBll460 (table 111) . Second, the thin fimbriae of the other nine strains were coated strongly (+ + +) in IEM tests (figure, c) with fimbrial antisera against E. aerogenes strains NCTC9735 and NCTC10336 that formed thin fimbriae (table 111) . However, after the fimbrial antiserum against strain NCTC10336 had been absorbed with MS-HA+ cultures of the (thin) fimbriate strain NCTC9735, it did not coat the thin fimbriae of the latter group of nine strains (7, table 111).
Thick fimbriae did not react in IEM tests with fimbrial antisera against thin fimbriae and, conversely, thin fimbriae were not coated with fimbrial antisera against thick fimbriae.
DISCUSSION
Previous IEM studies of strains of Enterobacter and Klebsiella species indicated (i) that the thick, channelled (type-1) fimbriae associated with MS-HA belonged to three 1984) . The few strains of E. aerogenes examined in these earlier studies were, however, not readily accommodated in any of the above groupings. This more detailed study was undertaken, therefore, with a view to clarifying the position of E. aerogenes with regard to its production of haemagglutinins and fimbriae.
In most strains of Enterobacteriaceae, the production of MS-HA is correlated with the presence of thick channelled (type-1) fimbriae (Duguid and Old, 1980) , but MS-HA activity in strains of E. aerogenes is apparently associated with thin fimbriae; thus, strain NCTC9735 produced MS-HA only and almost invariably formed thin fimbriae only. These thin fimbriae were demonstrated on all nine MS-HA+ strains of E. aerogenes and were shown by TEM tests to be unlike those of many other species of enterobacteria examined and were apparently species-specific (D. C. Old and R. A. Adegbola, unpublished results). Each of these nine strains also formed thick fimbriae which were coated with type-1 fimbrial antiserum against K. penumoniae ss. aerogenes but not with that of E. cloacae. There was, however, no correlation between the numbers of these thick fimbriae and the strength of MS-HA activity as shown, for example, by the finding that c. &lo% of the bacteria from both MS-HA+ and MS-HA-cultures of strain PADG 4.81 bore these thick, type 1-like fimbriae. If, as seems likely, these thick fimbriae are not principally associated with MS-HA activity in E. aerogenes, they may be mutant forms of type-1 fimbriae, serologically like the type-1 fimbriae of Klebsiella yet deficient in haemagglutinating activity, i.e., analogous to the non-haemagglutinating type-2 fimbriae of Salmonella (Old and Payne, 1971 ) and the type-6 fimbriae of K. ozaenae (Old and Adegbola, 1984) .
Eight of the nine MS-HA+ strains of E. aerogenes also formed MR/P-HA. We considered the possibility that there might be two kinds of thin fimbriae produced by E. aerogenes, the one associated with MS-HA and the other with MR/P-HA. Because IEM tests had proved successful in distinguishing different kinds of thin fimbriae on multi-haemagglutinating strains of Serratia we employed that technique with fimbrial antisera prepared against strains NCTC9735 (MS-HA only) and NCTC10336 (MS-HA and MR/P-HA). Each antiserum coated all thin fimbriae on bacteria from MS-HA+, MR/P-HA+ cultures of the eight strains forming both haemagglutinins. Had these bacteria possessed two kinds of serologically distinct thin fimbriae, some thin fimbriae would have been coated and others uncoated in tests with antiserum NCTC9735. After absorption of antiserum against strain NCTC10336 (MS-HA+, MR/P-HA+) with dense suspensions of strain NCTC9735, a procedure which should have rendered that antiserum pure with respect to MR/P-HA, it did not coat any thin fimbriae on bacteria from MS-HA+ cultures of strains of E. aerogenes. Thus, although we were unable to derive phenotypically MS-HA-, MR/P-HA+ cultures of these eight strains, the present evidence suggests that the MR/P-HA of E. aerogenes is non-fimbrial. That being so, strain NCTC9735 differs from the other eight MS-HA+ strains only in its inability to form MR/P-HA.
The only strains of Enterobacter that have MR/P-HA activities are those of E. aerogenes. Production of MR/P-HA, though common among a majority of haemagglutinating strains of Klebsiella, (agglutination of erythrocytes of fowl only), was never found independently of MR/K-HA and is thought to be associated with a modified kind of type-3 fimbriae in MR/P-HA+ Klebsiella strains Adegbola, Old and Aleksik, 1983; Old and Adegbola, 1984) . Thus, the MR/P-HAS of Klebsiella and E. aerogenes are different.
Species of Enterobacter other than E. gergoviae and E. intermedium did not form MR/K-HA; in IEM tests the type-3 fimbriae of E. gergoviae were antigenically like those of Klebsiella spp. whereas those of E. intermedium were antigenically like those of Serratia spp. Old and Adegbola, 1984) . It was, therefore, of interest to find that E. aerogenes strain NCIB11460 also produced MR/K-HA and Klebsiella-like, type-3 fimbriae. Although two other strains (NCIB 109 17, NCIB 109 18) received as E. aerogenes were previously reported as forming MR/K-HA and type-3 fimbriae , these strains have since been identified as K. pneumoniae ss. aerogenes (D. C. Old, unpublished results; Professor L. Le Minor, personal communication). Accordingly, the true identity of strain NCIBll460 is of critical importance.
It is notoriously difficult to differentiate E. aerogenes and K. pneumoniae ss. aerogenes though tests for motility, production of urease and ornithine decarboxylase are generally helpful (Brenner, Steigerwalt and Fanning, 1972; Sakazaki et al., 1976) . The most important character against identification of strain NCIB 1 1460 as K. pneumoniae ss. aerogenes was decarboxylation of ornithine; those against its identification as E. aerogenes were non-motility and urease production. Nevertheless, by conventional means and with the use of kits such as API 20E, this strain was identified as E. aerogenes. Furthermore, it grew on meta-hydroxybenzoate as sole carbon source and, when grown in histidine-containing medium (Enjalbert et al., 1979) at 37"C, formed histamine detectable by the method of Eggerth, Littwin and Deutsch (1939) . These latter two properties are considered characteristic of E. aerogenes (Richard, 1977; Enjalbert et al., 1979) . However, strain NCIBll460 was not satisfactorily identified by computer-assisted methods and behaved like a strain with properties intermediate between those of E. aerogenes and K. pneumoniae ss. aerogenes (Mr B. Holmes, personal communication). Therefore, the identification of this problematic strain by other techniques such as DNA-DNA hybridisation should prove of interest.
The taxonomic position of E. aerogenes itself has long been contentious (Bascomb et al., 1971; Brenner et al., 1972) . Data from numerical-taxonomy studies, however, have indicated that E. aerogenes might be transferred to the genus Klebsiella as K . mobilis (Bascomb et al., 1971) , a suggestion supported by data from DNA-DNA hybridisation studies (Izard et al., 1980) and by similarities in the capsular antigens (Richard, 1977) and the electrophoretic patterns of the esterases (Goullet, 1980 ) of E. aerogenes and K. pneumoniae. Whilst this study has revealed important differences in the fimbriae and haemagglutinins of E. aerogenes and K . pneumoniae ss. aerogenes of potential importance for their differentiation, it has provided little evidence to support either the transfer of E. aerogenes to Klebsiella as K. mobilis or its retention as a species of Enterobacter. Thus, the relationship of the fimbriae of E. aerogenes to those of other species of Enterobacter and Klebsiella remains as difficult to establish as the taxonomic position of E. aerogenes in the tribe Klebsielleae.
